To study the effect of physical activity on whole body fat (BF), its regional deposition and the influence of body fatness on physical performance in prepubertal children. DESSIGN: Cross-sectional study. SUBJECTS: A total of 114 boys (9.471.5 y, Tanner I-II), randomly sampled from the population of Gran Canaria (Spain), 63 of them physically active (PA, at least 3 h per week during the previous year) and 51 nonphysically active (non-PA). MEASUREMENTS: Body composition (DXA), anthropometric variables (body circumferences and skinfolds) and physical fitness were determined in all subjects. RESULTS: The PA obtained better results in maximal oxygen uptake, isometric leg extension force, vertical jump (muscular power), and 300 m (anaerobic capacity) and 30 m running tests (speed) than the non-PA. A lower percentage of body fat (% BF) (4 U less, Po0.05), whole BF mass (36% less, Po0.05) and regional fat mass (28, 25, and 30% less in the trunk, legs and arms, respectively, all Po0.05) was observed in the PA compared to the non-PA. The waist and hip circumferences correlated more closely with both the fat mass accumulated in the trunk region and the % BF (r ¼ 0.81-0.95, Po0.001) than the waist-to-hip ratio (WHR). The WHR correlated with the percentage of the whole fat mass accumulated in the trunk (PFT) (r ¼ 0.52-0.53, Po0.001). In both groups, the PFT increased curvilinearly with the % BF, regardless of the level of physical activity. ANCOVA analysis revealed that total and regional fat masses explained less than 40% of the difference in performance between the PA and non-PA group. The mean speed in the 30 m running test (V 30 ), combined with the height and whole body mass, has predictive value for the BF mass (R ¼ 0.98, Po0.001). The % BF may be estimated from the body mass index (BMI) and
Introduction
The prevalence of childhood obesity has risen worldwide during the last decades, [1] [2] [3] [4] possibly due to nutritional and lifestyle changes. [5] [6] [7] Overweight children are at higher risk of premature illness and death from coronary heart disease, hypertension and diabetes mellitus later in life. [8] [9] [10] [11] A low level of physical activity has been associated with an increased prevalence of obesity. [12] [13] [14] Moreover, sedentary activities like playing videogames and viewing TV are related to adiposity in children. [15] [16] [17] [18] However, reduced energy expenditure alone cannot explain the gain of fat mass during growth. 19, 20 On the other hand, increased levels of physical activity are associated with a lower BMI in youths. [21] [22] [23] Exercise interventions in prepubertal obese children have already demonstrated that physical training during a short period of time (few months) has a favourable impact on body composition and some obesity-associated health factors. 24 Increased physical activity over a long period of time results in improved physical fitness in prepubertal children. 25, 26 However, only aerobic fitness has been inversely associated with fatness in children. 20, 26 It remains to be determined what kind of community interventions may be more efficient to reduce the prevalence of obesity in prepubertal children. Fat regional distribution may have more relevant implications for health than the total amount of body fat. 27 In fact, visceral fatness or the accumulation of intra-abdominal adipose tissue (IAAT) increases cardiovascular risk. 27 Several studies have shown that the most active individuals have the lowest IAAT after adjusting for total body fat in adults 28 and adolescents. 24 Nevertheless, little is known concerning this effect in prepubertal boys. The aim of this study was, therefore, to test the hypothesis that participation in at least 3 h per week of sports-related physical activities and competitions, on top of the 80-90 min of compulsory physical education sessions included in the academic curriculum, is associated with lower body fat mass, lower accumulation of body fat in the trunk region and enhanced physical fitness in prepubertal children. We also aimed at determining additional indices of fitness, which could be useful in identifying children with increased fat mass, apart from the known relationship between adiposity and aerobic fitness.
Materials and methods

Subjects
A representative sample of Gran Canaria children population was obtained by multi-age stratified sampling, using as a reference the database of the Instituto Canario de Estadística (ISTAC). In total, 433 healthy children and adolescents, aged between 7 and 20 y, were recruited from different schools and sport clubs of Gran Canaria. However, only the 114 prepubescent boys (Tannerr2) were included in the present investigation. Both parents and children were informed about the aims and procedures of the study, as well as the possible risks and benefits. Children gave their verbal assent and written informed consent was obtained from their parents. The pubertal stage was self-assessed by children using Tanner's puberty rating. None of the subjects were on medication at the time of the study.
Children were stratified depending on the level of physical activity performed in addition to that carried out during the physical education compulsory sessions included in the Spanish academic curriculum, that is, 80-90 min per week of real physical activity. The 63 boys who participated in extracurricular sport activities and competitions during at least 3 h every week, for at least 1 y prior to the start of the study, were ascribed to the physically active group (PA), while the other 51 were considered as non-physically active (non-PA).
Experimental design
Each child performed two testing sessions. First, body composition, dynamic and isometric force, and anaerobic capacity were assessed. During the second session, running speed and endurance tests were carried out. In addition, all children answered a questionnaire providing information about personal data, sports participation (including the number of training hours per week) and medical history (that includes past injuries and medication). The study was performed in accordance with the Helsinki Declaration of 1975, being approved by the Ethical Committee of the University of Las Palmas de Gran Canaria.
Anthropometry and body composition
Anthropometric measurements were obtained on each subject. Height was measured in the upright position to the nearest millimetre (Atlántida, Añó Sayol, Barcelona, Spain). Body mass was determined using a balance with a 50 g imprecision (Atlántida, Añó Sayol, Barcelona, Spain), calibrated with M1 calibration masses (tolerance o0.005% in mass). Children were considered as overweight or obese based on BMI age-specific curves, when their BMI was Z to the international cutoff point corresponding to the centile curve that passes through either the BMI curve of 25 or 30 kg m
À2
, respectively, at age 18 y. 29 Skinfold thickness was measured in triplicate on trunkal (subscapular, suprailiac, iliac, pectoral and abdomen) and limb regions (triceps, biceps, thigh and medial calf) with a Holtain skinfold caliper (Holtain Ltd, Crosswell, UK). Circumferences were taken with a nonextensible Harpenden anthropometric tape (Holtain Ltd, Crosswell, UK) at the trunk (thorax, waist and hip) and limbs (arm, forearm, wrist, thigh, calf and ankle), as previously reported. 30 Total and regional body composition was assessed by dualenergy x-ray absorptiometry (DXA) (Hologic QDR-1500, Hologic Corp., software version 7.10, Waltham, MA, USA) as described elsewhere. 31 Lean body mass (g), body fat (g) and BMC (g) were calculated from whole-body scans. Whole-body scans were submitted to a regional analysis to determine the composition of the arm, leg and trunk regions. The arm region included the hand, forearm and arm, and was separated from the trunk by an inclined line crossing the scapulo-humeral joint, such that the humeral head was located in the arm region. The leg region included the foot, the lower leg and the upper leg. It was separated from the trunk by an inclined line passing just below the pelvis, which crossed the neck of the femur. The trunk region included the rest of the body except the arms, legs and head regions. The head region comprised all skeletal parts of the skull and cervical vertebra above a horizontal line passing just below the jawbone. With this analysis, regional body fat and lean mass can be assessed with a coefficient of variation below 5%.
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Measurement of physical fitness Dynamic force and maximal isometric force. To assess the leg extension explosive strength, the jumping performance was measured in all children. Each subject did vertical jumps on a force plate (Kistler AG 9281B Winterthur, Switzeland).
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During the performance of the jumps, the subjects were asked to keep their hands on their hips and to try to minimise horizontal and lateral displacements. They were aware that the jumps had to be executed explosively to achieve maximum height. Two kinds of jumps were performed: (1) squatting jump (SJ) beginning with knees bent at 901 and without countermovement, and (2) countermovement jumps (CMJs) beginning from standing position with allowance for a countermovement, with intention to reach knee bending angles of around 901 just before impulsion. The displacement of the centre of gravity was obtained assuming that the positions of the jumper on the platform were the same during takeoff and landing. 32 The best of three attempts was taken as the representative performance for each jump. The jumping height (H j ), the peak force (F p , being F p ¼ maximal forceÀbody mass) and the positive mechanical impulse (Imp þ ) were calculated from the force recordings. The mean power (M p ) was computed from the variation of potential energy divided by the impulse time (IT), that is, M p ¼ mgh/IT, where 'm' is the body mass, 'g' is the acceleration of gravity and 'h' is the vertical displacement of the body mass centre, determined from the flight time.
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Maximal isometric strength (MIF) during leg extension was also measured three times with a force plate (Kistler Instruments AG 9281B, Winterthur, Switzerland) in the upright position with knees bent at a 901 angle, that is, in the same position as the initial position for the squat jump. Children pulled maximally against a weightlifting barbell placed over the shoulders and attached with two lateral chains to the floor, where the force plate was also fixed. The best force record of three trials lasting each 6 s is reported.
Anaerobic capacity. Participants performed a 300 m running test to estimate the anaerobic capacity because the anaerobic capacity is the main determinant of performance in maximal efforts between 30 and 60 s. [33] [34] [35] The test was performed on a 400 m track, and times were chronometered manually. The boys were asked to run maximally the first 300 m.
Running speed test. The time needed to cover 30 m (T 30 ) was measured with photoelectric cells (Equipo multicélulas
General ASDE, Valencia), as previously reported. 25 The timer is automatically activated when the subjects cross the first cell, every 5 m thereafter. The boys were motivated to run as fast as they could, and the best performance of three attempts was taken as the representative value of this test.
Maximal aerobic power. The maximal oxygen uptake (V O2 max ) was estimated using a maximal multistage 20 m shuttle running test. 36 Subjects were required to run back and forth on a 20 m course and be on the 20 m line at the same time that a beep is emitted from a tape. The frequency of the sound signal increases in such a way that running speed starts at 8.5 km h À1 and is increased by 0.5 km h À1 each minute. When the subjects can no longer follow the pace, the time the subjects were able to run for was recorded and used to calculate maximal oxygen uptake (V O2 max ). This test has shown to be valid and reliable for the prediction of the V O2 max in children. 36 Statistical analysis. Descriptive statistics were run on all variables. Group differences in body composition and fitness test variables were assessed using the unpaired Students's t-test and ANCOVA. The homogeneity of variances was analysed using Levenne's test, adjusting the t-test where homoscedasticity could be assumed with 95% confidence. ANCOVA was used to determine if differences in physical fitness between groups can be accounted for by differences in BMI, fat mass, percentage of body fat and lean body mass, using the last four variables as single covariates. Pearson correlation analysis and linear regression were applied to identify the relationship between physical fitness and body composition variables. Stepwise multiple regression was used to determine the best predictor of fat mass. Finally, the curve-fitting option of the SPSS program was used to analyse the relationship between the percentage of fat mass accumulated in the trunk region and the percentage of body fat. SPSS package (SPSS INC, Chicago, USA 11.5) software was used for the statistical analysis. The significance level was set at Pr0.05 and data are presented as means7standard deviation (s.d.) unless otherwise stated.
Results
Anthopometry and body composition Table 1 summarises anthropometric data. Both groups had comparable age, body mass, height and BMI. Body circumferences were similar in both groups except hip and waist circumferences, which showed a trend to be greater in the non-PA group (Table 1) . The waist-to-hip ratio (WHR) was also lower in the PA than in the non-PA boys (Po0.05). The skinfold thickness was lower in the PA group than in the non-PA group in all locations (Po0.05) except the abdominal and iliac skinfolds, which showed a trend to be reduced in the PA compared to the non-PA group ( Table 1) . As depicted in Figure 1 , there was a close relationship between the waist and hip circumferences in one side, and the fat mass accumulated in the trunk region (Figure 1a and b) and the percentage of body fat in the other side (Figure 1c and d) . For all subjects together, there was also a significant relationship between the WHR and the fat mass deposited in the trunk region (r ¼ 0.55, Po0.001), the percentage of body fat (r ¼ 0.53, Po0.001; Figure 1e ) and the percentage of the fat mass accumulated in the region of the trunk (r ¼ 0.55, Po0.001; Figure 1f ). Total and regional body composition values are shown in Table 2 . No significant differences existed between PA and non-PA groups for whole mass and lean body mass. Fat mass was 28% lower and the percentage of body fat 3.9 U lower in the PA group than in the non-PA group (Po0.05). The
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The PA and non-PA subjects accumulated 24.871.2 and 27.071.4% of the fat mass in the trunk region (P ¼ 0.24). As illustrated in Figure 2 , the percentage of fat mass accumulated in the trunk region (PFT) increased curvilinearly with the percentage of body fat in both groups (both R ¼ 0.89 and 0.91, Po0.001). Since the relationship between PFT and the percentage of body fat (% BF) was similar in both groups, data were pooled together and fit to the following parabolic function:
Physical fitness
The active group attained better results in aerobic fitness, anaerobic capacity, running speed and height jumped in the squat jumps than the control group, while nonsignificant differences were observed in the other physical fitness variables between the groups (Table 3) .
Relationship between physical fitness and fat mass Among all physical fitness variables, the mechanical impulse generated during the countermovement and squat jumps showed the highest correlation with total and regional fat mass (Table 4 ). The maximal isometric force and the maximal force developed during the jumps also correlated with the total and regional fat masses. As expected, a negative correlation was observed between fat mass and V O2 max .
In addition, stepwise multiple regression analysis showed that body fat mass (BF) can be predicted from body mass, height and the mean running velocity during the 30 m running test (V 30 ) (R ¼ 0.98, Po0.001).
As illustrated in Table 4 , the percentage of body fat also correlated with physical fitness variables, particularly with V O2 max , maximal isometric force and jumping height. Stepwise multiple regression analysis showed that BMI and the mean running velocity during the 30 m running test (V 30 ) were the variables with the highest predictive value for the % BF in prepubescent boys, as reflected in the equation below:
Influence of body adiposity on physical fitness As depicted in Table 5 , group differences in 30 and 300 m running times, V O2 max and squat jump performance were reduced by less than 38%, but remained in general significant, after accounting for group differences in BMI, lean body mass, total body fat mass, or % BF. The variables with the major impact on performance, as revealed by the ANCOVA, were the whole body fat mass and the percentage of body fat. The difference in squat jumping height was reduced by 32% after accounting for differences in body fat mass. Fat mass also accounted for 22, 34 and 27% of the performance differences in 30 m running, 300 m running and V O2 max between the PA and non-PA.
Discussion
The present investigation shows that participation in at least 3 h per week of extracurricular physical activities and sport competitions is associated with less body fat mass and lower percentage of body fat in prepubertal children, compared with the children who do not participate in sports regularly. Fat mass was decreased in all studied regions, including the trunk, in active children. In addition, our study shows that, among all physical fitness variables studied, the mean speed during the 30 m running test, combined with body mass and height, has a predictive value to estimate the fat mass, while the mean speed during the 30 m running test combined with the BMI allows to estimate the percentage of body fat.
Effect of extracurricular physical activities on whole fat mass and regional fat mass deposition In Gran Canaria, 53-63% of children aged between 12 and 13 y perform at least 3 h per week of sports activities and Fat mass and physical fitness in prepubertal boys I Ara et al competitions (Serrano-Sanchez, unpublished), which is similar to the 55% observed in the present investigation. Extracurricular sport activities and competitions for 3h per week during at least 1 y is associated with lower total (36.0%) and regional (27.6, 24.5 and 29.7% in trunk, legs and arms sites, respectively) fat masses in the PA group. This finding is consistent with a wide range of studies in adults and youths concluding that body composition may be improved by Fat mass and physical fitness in prepubertal boys I Ara et al increasing the levels of physical activity. 20, 37 Moreover, this investigation indicates that PA children have lower visceral fat mass than sedentary children, as reflected by their lower accumulation of fat in the trunk region. 38 Some studies indicate that visceral fat or IAAT in children increases in proportion to overall fatness, 39 as seen in adults. 40 However, IAAT may be influenced by 'modifiable' factors, such as those associated with diet, body fatness, and physical activity in adults 41 and adolescents. 24 As a novelty, this study shows lower fat mass in the trunk region of PA prepubertal boys. It should be noted that trunk fat mass as measured by DXA is strongly correlated with IATT in children. 42 In adults, several studies have shown that the WHR has great potential to predict absolute or relative amounts of fat and metabolic dysfunctions as atherosclerosis, hyperlipidaemia or insulin resistance. 27 Furthermore, Ross et al 43 have
found that in adults the single best predictor of total adiposity was the waist circumference (r ¼ 0.96). A similar result has been obtained in the present study with Figure 2 Relationship between percent of body fat (%) and the percentage of fat mass in the trunk region ((trunk fat mass Â 100)/WFM). WFM: whole body fat mass. 43 In agreement, our study shows that the percentage of the whole fat mass accumulated in the trunk region measured with DXA correlates with the WHR. However, the predictive value of the WHR as an index of fat deposition in trunk is rather low in prepubertal children, as also reported by Taylor et al.
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BMI and adiposity in prepubertal children
The International Obesity Task Force of WHO proposed BMIs of 30 and 25 as the cutoff points for obesity and overweight. 45 In children, obesity is diagnosed when the BMI is greater than the 95th percentile for children of the same, ethnicity, age and gender. 10 Consistent curves from multiple childhood surveys showed that the 85th percentile value was appropriate for the overweight cutoff point. 46 However, BMI does not measure fat directly and its relationship with body fatness is not necessarily stable over time. 47 In contrast, DXA is likely the best validated and reliable method to asses body composition in children. The validity of DXA has been established by comparison with chemical analysis in animals 48 and that its reliability is illustrated by a 0.99 intraclass correlation coefficient for the assessment of the percentage of body fat in children. 49 This may be the reason why differences between groups in BMI did not reach statistical significance, while the differences in % BF and FM were statistically significant. Since there was a close relationship between the percentage of body fat and BMI, BMI can be used as indicative of the level of adiposity in prepubertal boys. This is in contrast with the low correlation between BMI and % BF measured by DXA in young adults. 30 An alternative to BMI as an estimation of the degree of adiposity in children is to measure the percentage of body fat 50, 51 or the sum of the biceps, triceps, subscapular and suprailiac skinfolds. 52 However, the cutoff point in % BF for overweight and obesity in children and adolescents has not been clearly established. Dwyer and Blizzard 50 suggested a cutoff point of 20% BF for obesity; however, the percentage of body fat was determined by anthropometry (using the sum of four skinfolds), which raises some concerns about the validity of this cutoff. In boys aged from 8.5 to 15.5 y, Taylor et al 51 reported that the cutoff for 'high adiposity' ( þ two Z-scores in percentage of BF) is a percentage of BF of 25%, the latter measured using DXA. The cutoff points based on the BMI allow for a correct identification of more than 85% of boys that have a % BF over the þ 2 Z-score limit. 51 This study shows that the combination of simple anthropometric measurements with the 30 m running test is of value to estimate the amount of body fat and the percentage of body fat in prepubertal children.
Adiposity and physical fitness in prepubertal children It has been shown that even if anaerobic performance is principally related to body dimensions, improvement in power during growth is mainly determined by the enhancement of muscle mass. 53, 54 Whole body lean mass and its correlated limb muscle mass were similar in both groups. However, the PA boys attained better results in almost all performance tests than the non-PA. Fat tissue behaves as an extra inert load that subjects should carry on during their physical activities. The fact that both fat mass and the percentage of body fat correlated negatively with the level of performance in most tests suggests that this extra weight imposed by the excess of fat mass in the non-PA boys contributed to their lower physical fitness. In fact, we have determined by ANCOVA that differences in fat mass per se may explain as much as 32% of the difference in jumping height between the PA and non-PA children. Likewise, fat mass per se can explain 22, 34 and 27% of the performance differences in 30 m running, 300 m running and V O2 max between the PA and non-PA groups. This is likely the reason why the performance achieved in the 30 m running tests has predictive value for body fatness in prepubertal children. However, the contribution of the 30 m running test to increase the accuracy of whole body fat and percentage of body fat prediction equations is rather small. For example, including the 30 m running test performance in the equation to predict body fat mass from weight and height resulted in a reduction of the standard error of the estimate from 1.57 to 1.41 kg. Likewise, adding the 30 m running performance to the equation predicting the percentage of body fat from BMI reduced the standard error of the estimate from 4.1 to 3.6 (in percentage body fat units).
In summary, the practice of sports outside school schedule (at least 3 h per week) has positive effects on body composition and seems to be efficient to reduce the percentage of body fat and the fat mass deposited in the limbs and the trunk region. By combining simple anthropometric measurements with the 30 m running test, the body fat mass and the percentage of body fat can be easily estimated in prepubertal children. In a recent study, Moreno et al 55 concluded that 'from a public health point of view, a priority will be to develop health promotion programmes aiming to prevent obesity, especially that characterised by a central pattern of fat distribution, from childhood'. Our results indicate that an efficient community intervention to reduce childhood obesity may be to add at least 3 h of sports practice per week to the compulsory physical education courses.
